Imaging
Radiographs are relatively insensitive in early stages of disease because sacral lesions are often obscured by overlying bowel content. However, in advanced cases, they can demonstrate bone destruction, calcification, or a pelvic mass. Computed tomography (CT) allows detection of osteolysis, cortical bone involvement, tumour matrix mineralization, and soft-tissue involvement not visible on radiograph. Magnetic resonance imaging (MRI) is the cross-sectional imaging modality of choice for tumour staging due to its multiplanar capabilities and superior contrast resolution. Tumour extension into the sacral canal and neural foramen, and neurovascular involvement are best demonstrated on MRI. Bone scintigraphy is highly sensitive and is useful to detect multicentric disease but lacks specificity.
Benign Tumours
GCT Although only 8% of GCTs involve the sacrum, it is the most common benign sacral tumour, with an incidence of 8% [1, 2] . GCTs occur almost exclusively after skeletal Figure 1 . A 30-year-old woman with giant cell tumour. Coronal T1-weighted magnetic resonance image, showing a large hypointense expansile lesion in left sacral ala (arrow), which extends across the left sacroiliac joint to involve the iliac bone (arrowheads). maturation, with a peak incidence in the third decade and a female predominance [2] . GCTs are typically eccentric, expansile, osteolytic lesions without sclerotic margin or matrix calcification. GCTs often arise in the upper sacral ala and have the propensity to spread across sacroiliac joints and intervertebral disks [3, 4] , which is unusual for other benign sacral lesions and is an important distinguishing feature ( Figure 1 ). CT often demonstrates a large soft-tissue mass with a thin cortical rim that may be breached by the tumour. In general, the tumour is low-tointermediate signal on both T1-and T2-weighted magnetic resonance (MR) images [5] . The low-tointermediate signal on T2-weighted MR images is useful because most other sacral tumours, such as metastases, lymphomas, and chordomas, show high signal. Hemorrhage often results in high signal on T1-and T2-weighted images and fluid-fluid levels [5] .
Aneurysmal Bone Cyst
Aneurysmal bone cyst is a benign tumour, which is characterized by multiple blood-filled cavities, that is relatively uncommon, with less than 5% arising in the sacrum [1] . Eighty percent occur in patients younger than 20 years of age, with a slight female predominance [3] . Aneurysmal bone cysts are typically multiloculated, expansile, osteolytic lesions with a thin rim of bone. The presence of fluid-fluid levels, indicative of hemorrhage with sedimentation, on CT or MRI in an expansile sacral lesion in a young patient is almost diagnostic of aneurysmal bone cyst ( Figure 2 ). However, the lesion must not have associated solid components because other tumours, including chondroblastoma, GCT, and telangiectatic osteosarcoma may have fluid-fluid levels. Preoperative embolization is useful in reducing tumour vascularity.
Osteoid Osteoma
Osteoid osteoma is a benign osteoid-producing tumour characterized by a central nidus (<1.5 cm) and surrounding sclerotic reactive bone. Although only 2% of osteoid osteomas occur in the sacrum, osteoid osteoma accounts for approximately 9% of all benign sacral tumours [1] . Most present in the second decade with constant dull pain, classically worse at night and relieved by salicylates. Osteoid osteomas most commonly arise from the S1 articular process but are often radiographically occult [6] . Bone scintigraphy is sensitive in the detection of osteoid osteoma and may reveal the ''double density'' sign with greater tracer uptake in the central nidus compared with the surrounding peripheral osseous reaction ( Figure 3A ). MRI appearances can be confusing because there often is extensive marrow oedema and surrounding inflammatory changes that may obscure the nidus or suggest another process such as infection or trauma. The classic radiolucent or mineralized nidus and surrounding osteoblastic response is best shown by CT ( Figure 3B ). CT is usually required for precise localization and to guide percutaneous ablation. 
Osteoblastoma
Although osteoblastoma comprises only 1% of all primary bone tumours, 40% occur in the spine, with 23% in the sacrum [1] . Osteoblastoma is histologically similar to osteoid osteoma but is larger (>1.5 cm), more likely to present with neurologic symptoms and occasionally can have aggressive features. There is a male predominance (2:1), and most cases are seen in the second decade [1] . The characteristic appearance of an expansile osteolytic lesion with multifocal calcifications surrounded by a sclerotic rim may be radiographically occult in small lesions but is well shown on CT. Marked tracer uptake can be seen on bone scintigraphy. The appearance on MRI is nonspecific, but osteoblastoma typically provokes an inflammatory response with prominent oedema in the surrounding marrow and soft tissues [7] .
Osteochondroma
Osteochondroma is the most common primary benign bone tumour, but involvement of the sacrum is rare; less than 0.4% [1] . Patients may present with neurologic symptoms if the osteochondroma protrudes into the sacral canal or neural foramen [8] . Osteochondromas appear as sessile or pedunculated exophytic outgrowths from the bone surface that show continuity with the marrow cavity and cortex. The cartilage cap may be calcified but sacral lesions are difficult to detect radiographically. The unmineralized cartilage cap exhibits low signal intensity on T1-weighted and high signal intensity on T2-weighted MR images.
Malignant Tumours

Chordoma
Chordoma is a slow-growing, low-grade malignant tumour that arises from vestigial notochordal remnants with predilection for the ends of the spinal column. The majority occurs in the sacrococcygeal region and typically involves the fourth and fifth sacral segments [1, 2, 9] . It is a relatively uncommon bone tumour and accounts for 6% of all primary malignant bone neoplasms, but it is the most common primary bone tumour of the sacrum [1] . Chordoma is rare in individuals younger than 30 years, with a peak incidence in the sixth decade and is twice as common in men as in women [1] . Pain is the most common symptom with gradual neurologic involvement. The characteristic imaging feature is a large, lytic, expansile, destructive midline lesion with peripheral amorphous calcification centred in the vertebral body with associated presacral and/or sacral canal soft-tissue mass. Chordoma is capable of extending across the sacroiliac joint and the intervertebral disk [2] . Radiograph may show osseous expansion and osteolysis ( Figure 4, A and B) . A lobulated midline destructive bone lesion with punctate calcification and extraosseous soft tissue is the typical appearance on CT ( Figure 4C ). Chordomas is typically lowto-intermediate signal on T1-weighted MR images, and the most striking feature is hyperintensity on T2-weighted images, which reflects the high water content of the myxoid tumour matrix similar to nucleus pulposus (Figure 4 , D and E) [10] . The tumour extent is better delineated on MRI compared with CT. 
Multiple Myeloma and Plasmacytoma
Multiple myeloma, a monoclonal proliferation of malignant plasma cells is the second most common primary malignant neoplasm of the sacrum, with a peak incidence between the sixth and seventh decades and 2:1 male predominance [1] . The lesions are usually osteolytic without sclerotic margin. Plasmacytoma is a solitary, larger, osteolytic lesion found in younger patients and often is considered an early stage of multiple myeloma ( Figure 5, A and B) . Myeloma and plasmacytoma are hypointense on T1weighted and hyperintense on T2-weighted MR images ( Figure 5 , C and D).
Lymphoma
Lymphoma is the third most common primary malignant tumours of sacrum [1] and predominantly affect men in the second and third decades of life. There may be minimal abnormality on CT, although lymphoma can cause aggressive bone destruction and has a tendency to extend to soft tissues and leave the cortex intact ( Figure 6A ) [11] . Bone marrow involvement appears hypointense on T1-weighted and hyperintense on T2-weighted MR images ( Figure 6 , B and C).
Ewing Sarcoma
Ewing sarcoma is usually seen in the second decade of life with a 2:1 male to female predominance [12] . More than 50% of spinal Ewing sarcomas occur in the sacrum and nearly 70% occur in the sacral ala [1, 12] . On radiographs, these lesions show permeative osteolysis, bone expansion, and sclerosis. CT typically shows a moth-eaten or permeative pattern of bone destruction. Occasionally, lesions may show a mixed pattern of lysis and sclerosis, and rarely, sclerosis, but there should be no matrix mineralization in the softtissue component [12] . Soft-tissue extension and spinal canal involvement are common and best defined on MRI (Figure 7) , although the MRI appearance is nonspecific.
Osteosarcoma
Osteosarcoma of the sacrum is rare, with only 2% of osteosarcomas involving the sacrum, but it accounts for 9% of primary malignant sacral tumours [1] . Patients present later in life (peak incidence in the fourth decade) than those with appendicular tumours [13] . Osteosarcoma typically shows an aggressive, osteolytic, permeative pattern of bone destruction with cortical breakthrough and soft-tissue mass [13] . The majority also contains ''cloudlike'' osteoid mineralization that is more easily detected on CT than with radiograph ( Figure 8A ). Tumour extension across the sacroiliac joint and into the sacral canal is common [13] . The MRI appearances are nonspecific; the tumour is hypointense on T1-weighted and hyperintense on T2-weighted imaging ( Figure 8B) . Osteosarcoma of the sacrum may also be secondary to malignant transformation of Paget disease or radiotherapy [3] . 
Chondrosarcoma
Only approximately 2% of all chondrosarcomas occur in the sacrum [1] . Patients most commonly present in the fourth to sixth decades, with intractable pain [1] . The typical imaging feature of chondrosarcoma is an aggressive osteolytic lesion with soft-tissue mass and characteristic ''rings and arcs'' chondroid matrix mineralization, better delineated on CT than radiograph ( Figure 9A ) [3] . The unmineralized chondroid matrix typically displays intermediate signal on T1-weighted and high signal on T2-weighted MR images ( Figure 9 , B and C). Mineralized foci display low signal intensity on all MRI sequences.
Metastases
Metastases are the most common sacral neoplasm, most frequently from primary lesions in breast, lung, prostate, and kidney. The majority are osteolytic, but prostatic metastases are usually sclerotic ( Figure 10 ). Sclerotic metastases typically display low signal intensity on all MRI sequences. Kidney and thyroid metastases may have expansile appearance, and both may be hypervascular ( Figure 11, A and B) . Extraosseous extension is better delineated on MRI ( Figure 11C ).
Pseudotumours
Meningeal Cyst
Sacral meningeal cysts are common, congenital dilatation of the meninges in the spinal canal or sacral foramina with a reported incidence of 5% [14] . They are usually asymptomatic, but large cysts can cause neurologic symptoms [14] . The characteristic appearance of an enlarged sacral canal or foramen with thinned cortical margin is well demonstrated on CT ( Figure 12A ). The MRI signal is identical to cerebrospinal fluid on all sequences (Figure 12 , B and C).
Tuberculous Osteomyelitis
Tuberculous osteomyelitis of the lumbosacral junction occurs in only 2%-3% of all cases of spinal tuberculosis, with infection isolated to sacrum even more uncommon [15] . The infection arises within the sacral body and may simulate neoplastic lesions with bone destruction and presacral soft- Figure 10 . A 76-year-old man with sclerotic metastasis from prostate carcinoma. Axial bone window computed tomography, showing a sclerotic lesion in the right sacral ala (white arrow). tissue mass. MRI is the most sensitive imaging modality and demonstrates marrow oedema, end-plate erosion, granulation tissue or abscess formation, and a hyperintense mass on T2weighted images ( Figure 13A ). However, osseous sequestrum, present in chronic infection is better demonstrated on CT ( Figure 13B ).
Conclusion
Sacral tumours are rare, with the majority being metastases. Primary sacral tumours are uncommon and usually malignant. They are associated with few initial clinical signs and their location deep in the pelvis often results in delayed diagnosis. Radiographs are often unhelpful, and MRI is the preferred imaging modality. CT may be useful in further characterizing some lesions. Familiarity with the various entities that may affect the sacrum not only enables a specific diagnosis but also contributes to the management of these conditions.
